LiInSe 2 : A biaxial ternary chalcogenide crystal for nonlinear optical applications in the midinfrared J. Appl. Phys. 91, 9475 (2002) . The crystalline perfection of the grown crystal was analyzed by High resolution X-ray diffraction measurements (HRXRD). The electrical properties of the grown crystal were analyzed by Hall effect measurements and it confirms the n-type semiconducting nature.
(A= Li, Cu, Ag; B= Ga, In; C= S, Se, Te) ternary birefringent noncentrosymmetric crystals now used in the mid-IR spectral range include the chalcopyrite semiconductors AgGaS 2 (AGS) and AgGaSe 2 (AGSe) [1] . These crystals are uniaxial. They are now available commercially or quasicommercially (from Laboratories) and have their specific advantages but also some drawbacks: AGS and AGSe have low residual absorption but poor thermal conductivity. Hence Ag ion is replaced by lighter Li ion, it increases the crystal lattice vibration and hence thermal conductivity increases. But Li containing ternary semiconductors are little known because of difficulties of crystal growth caused by the chemical activities of lithium and volatility of selenium.
However Li containing ternary semiconductors are of interest because of larger band gap values. Particularly, LiInSe 2 has excellent properties, such as wide transparency range (0.5-13 µm), Lower band gap (2.86 eV), high NLO coefficients (11.7 pm/V), nearly isotropic thermal expansion behavior and being phase matchable over a large wavelength range [2] .
Many reports are available for synthesis, growth and characterization of LiInSe 2 crystal. In the present investigation, we tried to grow good quality LiInSe 2 single crystals using homemade instruments. Here we discuss the synthesis, crystal growth and characterizations like Powder X-Ray diffraction (PXRD), Thermal analysis (TG-DTA) and Rutherford backscattering spectroscopy (RBS) analysis, High resolution X-ray diffraction measurements (HRXRD) and Hall effect measurements.
SYNTHESIS AND CRYSTAL GROWTH
4N purity of Lithium (Li) and 6N purity of Indium (In) and Selenium (Se) elements were weighed in accordance with the stoichiometry of 1:1:2 and an excess of 5 wt% Li and 2 wt% Se were taken for the compensation of high chemical activity of Li and evaporation loss of Se. All these elements were loaded into a graphite crucible under argon atmosphere using a homemade glove box. LiInSe 2 polycrystalline material was synthesized using melt temperature oscillation method with the help of horizontal resistive heated furnace. The ampoule was heated from room temperature to 680ºC in 24 hours and raised to 960 ºC in 24 hours. This temperature was maintained for one day. The oscillation was executed between 800 ºC-900 ºC, after completion of 8 cycles, temperature reduced to 30ºC in 24 hours. This process of melt and temperature oscillation helps to enhance homogeneity of LiInSe 2 .
Synthesized polycrystalline material was loaded into a conically tapered graphite crucible. After loading, the growth ampoule was placed in a vertical resistive heated furnace at the maximum temperature of 930 ºC. Temperature gradient of the growth furnace is 10 ºC/cm. In LiInSe 2 the translational rate is 7 mm/day and rotation rate is 3 rpm in one direction. When the whole LiInSe 2 melt was solidified, the furnace temperature was slowly cooled to room temperature in 36 hours. A single crystal of diameter 8 mm and length 32 mm was grown using spontaneous nucleation. The grown crystal was cut using homemade diamond wheel cutter as 2 mm thick wafers. The cut crystals were polished using a diamond paste of 1 µm particle size. The as grown and cut crystals are shown in Fig.1 . 
RESULTS AND DISCUSSION
The powder X-ray diffraction pattern of the LiInSe 2 polycrystalline material is shown in Fig. 2 . The peak positions are in good agreement with the powder diffraction files (PDF card no.04-009-0089). Thermal analysis was carried out using a PerkinElmer Diamond TG-DTA between the temperatures range of 30-1000 ºC at a heating rate of 10 ºC/min in nitrogen atmosphere. It confirms that the grown crystal's melting point is 897 ºC.
RBS measurement was made using 1.7 MV tandetron accelerator at IGCAR. The RBS spectra were taken using protons (1700 keV) and by using helium beam (1500 keV). The composition in atom percentage is Li-20%, In-29% and Se-51%. It is seen from RBS measurements that the crystal is Li deficient, Indium and selenium rich. RBS measurements give the composition of grown crystal as Li 0.8 In 1.16 Se 2.04 .
HRXRD measurement is shown in Figure. 3. The HRXRD was done by PAN analytical MRD X-ray diffractometer with CuKα 1 radiation. The full width at half maximum (FWHM) of this curve is 0.266 arc deg. HRXRD measurements clearly indicate that the crystal contains predominantly interstitial type of defects than that of vacancy defects. The single diffraction peak with reasonably low FWHM indicates that the crystalline perfection is fairly good.
The electrical parameters were measured using Hall measurements in van der Pauw configuration at room temperature. The negative sign of the Hall coefficient confirms the n-type conductivity.
CONCLUSION
Crack free LiInSe 2 single crystals of size 8 mm diameter and 32 mm length were grown using a steady ampoule rotation by modified vertical BridgmanStockbarger method. The structure of the grown LiInSe 2 crystal was confirmed by the powder XRD pattern. The melting point of LiInSe 2 crystal was about 897 ºC. RBS analysis confirmed the crystal 
